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Abstract 

Phasa behavior, surface activity, and cleaning perfor^ancs of biodegradable anionic and nonionic 
surfactent derivatives of long-^hain alcohols have befen studied. A tailored hydrophobe structure, 
which can be obtained through selective ske!etal-{$omen2:atian of linear oieRns follo^ved by 
hydroformylation, provides enhanced cold-water solubility and improved water hardness toierance as 
compared to conventional predominantly linear alcohol sulfates of comparable moleoular weight The 
impact of the structure on ethoxylated nonionic surfactant properties is less pronounced, although 
differences In physical properties such as pour point and gel fbnnation are noted when compared to 
linear alcohol eUioxylates. Results of radiotracer delergency studies performed in 3 Terg-O-Tometer 
confimn the positive attributes of the high-solubility surfactants. This class of surfactant may permit 
advances in the consumer laundry process viewed from a full irfecycle perspective by enabling high 
cleaning perfannance under conditions favoring an impnov&d environmental profile- 
Resume 

; Le comporiement de phases, I'aotivite de surfaoe et le pouvoir nettoyant des d4riv& tensioaatifs 

anioniques et non loniques ont fait Tobjet d'une etude. Une structure hydrophobe speGialement 
adaptfee, qui peul etre obtenue par ilntermediairB de Hsom^irisation squelettique des oldfines llneaires, 
suivie de rhydroformytationi foumit une plus grande solubility par temps froid et une meilleure tot§ranc© 
de la duret§ de I'esu, par rapport aux sulfates d'afcool conventionnels principalement'linSaires dont le 
poids molecufatre est comparable. L'innpacl de la sU-udure sur les propri^t^s des agents tensioactifs 
non ionlques 6thoxy!65 est moins marquS, bien que des differences soient observ^es dans les 
proprt6t6s physiques, telles que ie point d'ecoulennent et fa fomiaiion de gel, par rapport aux ethojcylats 
d'alcool iineaine. Les rfesuttats das etudes de d^tergence au traceur radloactlF effectu^es dans un 

) n*erg-0-Tometer^ confinment las attributs positifs des agents tensioactifs de haute solubility. Cette 

classe d'agents tensioactifs poun^lt permettre de faire des progres au niveau du processus de 
blanchissage de consommatlon, sf on le oonsidere du point de vue d'un cycSe de vie complet, sous des 
condrtlons qui favorisent un meilleur profil envtronnemental., 

Zusammenfassuhg 

Es wurden Phasenverii alien, Grenrflachenaktivltat und Reinigungsletstung biologisch zersetsibarer 
anionischer und nichtionlsierender Tensldderivate untersucht. Eine genau abgestirrimte 

• wasserabweisende Struktur, die durch eine besonders gewihite SkeletHsomerisierung Itnearer Olefins 

und einernaohfolgenden Hydrofonnylierung geblldet wurde, bletetelne erhdShie KaltwasseriesHchKeit und 
bessere Wasserh^rtetoleranz als herKdmmliche und merstens lineare Alkoholsutfete elnes 
vergleichbaren Molekuiargewichts. Der ' Strukturetnflufi auf die Eigenschaften ethoxylierter 
nichtionisierender Tenside ist wemger ausgepragt, obwohl Unterschiede in den physikalischen 
Bgenschaften wle Pourpoint und Gelbildung im Vergleich mit linearen Alkoholethoxylaten zum Vorsohein 
kommen* Mit den Ergebnlssen von Radionuklid-Untersuchungen in einem Torg-O-Tometer wurden die 
pDsitfven Meri<male derTenside mit hoher Lfislichkeil bestatigt. Aus der Sicht einer VotHebenskreisIauf- 

j Perspektrve unter Bedingungen, die eln verbessertes Umweltspn>fii bsgDnstlgen, kann diese 

Tensidgruppe zu elnem Fortschritt des Verbrauoher-Waschereiprozesses fuhren. 
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^^^^Xt:;;.^^^^ ~ detergent .ooHo. 

Of ceriaid synthetic: alcohols eihirte^ i^i^^^ branched fracfion 

interest to document the effect o s^cWc SoTbr^^Sf " «f 

suffetes. AddfHonalfy, random monSvi S^^^ °f 
laboratory deaningeValuatioSSrdS^^ ^thes,zed. and physical chemistry and 

compounds, and the perfoimancs tesT^r^s fewS m^dS^^ ? ^ ^'^^ ^^'^ee of 

lower wash temperatures. 'i^^ewise modttied to reflect current practice including 

EXPERIMENTAL 

Genara, M.,ho.= for Sy„B,e^s: A= dap,« h Figure „^ 
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Mabr^ Bt^ Synihseb of 2^ Branchy Alcohols 
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wL^fit^^^^^^^^ ^ -^e. and 

^itroducing mndom mono-meth?brStng iK^^^^^^^^ ^^-^^^P P^^-^^; for 

alcohols we>^ convetfed to alcohol^S sodi. " 2? ' ^ P"f«- A)l 

aSO,H. followed by neutrafeafon v.-r?^^^^^^ '"^'^"'^ P"^"^'^^^ procedure with 



Random Methyl Afcohol Synthesis 
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Krafft Temperatures of Alcohol Sulftates: Aqueous 1% surfactant solutions were frozen and the 
BO kJtions were allowed to slowjy warm. The reported Krafft temperature is the temperature where tie 
solution vras fully transparent. 

Calcium Tolessnc^: Aqueous surfecfent solutions were made at a concentration of 0,06% we'^ht and 
adjusted to a pH of approximately 9 with 1% NaOH. The surfactant solutions were warmed to' 40 "C 
Aliquots of 10% CaCli were added, and the surfactant which remained dissolved in the upper (dear) 
layer was determined wa itie two phase titration method (7). The reported calcium tolerance is amount 
of ChCIe which must be added to precipitate 50% of the anionic surfectanL 

The random mono-methyl C-16,17 alcohol was ethoxyiated w'rtli an average of nine ethylene oxide 
groups using standard KOH ethoxyfation. For companson, a nine-EO ethoxylata with a linear C-16 
hydrophobe was prepared by blending ethbxyiates obtained from Uniqema Also studied were the 
seven-EO ettroxytates obtained through standard ethoxylation of the linear and branched fractions of a 
predominateiy linear C-14,15 alcohol. 

The cloud point and Kraift temperature of 1% aqueous alcohol ethoxylate solutions were measured Jn 
deionized water using dipping probe tufbldiroetry (8.9), Solutions were fir^t chilled overnight in a 
frBGzer at -S-C. The solutions were then heated at a rate of about l^C/mbiute in a jacketed beaker 
Wfth agitafaon provided by a Glas-Col® non-aerating stirrer at 3000 rptn. Turbidity was detemiined by 
measumg the light iiBnsmittance through the solution at 650 nm. ' The firet temperature where 
complete deanng of the solution occurred was taken as the Kr^ffi temperature while the higher 
temperature at which furbitfify iBappeared due to formatian of a di^eraed phase was taken aa,.the 
cloud point. 

Sdutim -nme Method; TTie solution times of the neat elhoxylates were measured by injecting 0 20 cc 
ot liquid surfactant into 50 oc deionized water in a flat bottom pour point tuba (Coming No 6900) The 
"^^'J!^^ ®^ "^"^ W"*^ a 1.5 cm X 0.5 cm magnelic sfirrfeig bar. The times for complete 

surfactant dissolution were measured at ZS-'C with the temperabre of the sample being oontrolled by 
placing the pour point tube in a thermostatically-corttrollad water bath. Measurements were performed 
tn duplicate and averaged. • 

^^^^^ commercial C-14,15 samples werB obtained using 

meinod as™ D97-85 with an automatic pour point apparatus. Visuai detemiination of pour points 
was made Ibr the other samples by observing their flow behavior as 50 cc were slowly warmed in a 
water bath, 

Surtaca Tension: Equilibrium surface tension as a fijnclion of surfactant concentration was measured 
at Z5 C using an automated Lauda tenstometer. This instrument doses fixed increments of stock 
solutfora Into TOO cc of deionized water that is contained in a thetmostatically-confroiled beaker 
bquilibnum surface tension is measured automatically using the Du Nuoy ring method. From the 
surface tension-concentration plots, critical micelle concentration was determined by standard 
procedures (10), 7 u 

Detergency; Mulfisebum soil removal was detemiined using the published laboratory radiotracer 
detergency procedure (11.12). All alcohol sulfates were evaluated in the fofbwing prototype 
formulation: 0.2 g/L antonio. 0.34 g/L zeonte, and 0.2 g/i of Na^COg 



Biodegradation: A laboratory estimation of biodegradation was conducted by an adaptation of the CO 
evolution method of Sturm (13) z 
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c BiodegradaSan 

A screening study of biodegradaHon was used to compare a varieiy of atcoho! sulfetes- As depJoted in 
Figure 3, only a sLirfadant synthesfeed to" contain a quaternary carbon atom failed to evolve C02 at a 



Figure 3 



Closed Bottle Biodegradatioti Results for 2« 
Alky! Alcohol Sulfates 
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rapid rata. A variety of 2-alkyl brancSies or a random mono-methyl substituent alf preformed equally 
well in this screen. This result was at least in part predicted by the previous work from Shell (2). 

* Surfectant Proparties of 2-AIkyI Alcoho! Sufetes 

Displayed in Figure 4 are the Krafit temperaftjres of branched alcohol sulfates. With this series of 
aloohol sulfates, the minimum in lOafft iampemhjre occurs with the attachment of a 2-butyl group. The 
alt linear hexadecanoi sulfate has a Krafft temperature of 45 (14). 



Krafft Temperature of CI 6: 2-A!kyl 
Branched Alcohoi Sulfates 
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The caJcfum tolerance of this series of alcohol sulfates Is depicted in Figure 5. The methyl and 
efhyl derivatives are approximately equal, while either butyl or hexy! introduce the greatest solubility. 



Calcium Tolerance of G16; 2-Aikyi 
Alcohol Sulfates 
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^ Petergency Evaluation of 2-AlkyI Alcohol Sulfates 

In 1969 G6tte and Schwugar (3) reported the reflectance detergency of branDhed alcohol sulfetes 
aMO;^C. It was noted that the 2-methy! branched alcohol sulfate gave the high^t leveJ of cleaning 
wm the availability of a broader selection of chain lengths, the generality of this observation has been 
invesUgated: 

In this present work, 0-16 alcohol sulfates were evaluated at 10 ^ fay an altematrve mdbtracer 

Multisebum Detergency of CI 6 Alcohol 
Sulfates: 10^*0 and 150 ppm Water 
Hardness 
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method, see Figure 6. Despite having the highest Krafft temperature and the lov^est calcium tolerance, 
me 2-rnethyl derivative is the best psrfwiner, as obseived by GStle and Schwuger (3) . tt is remarkable 
that the pattern was the same, since the temperature, soil, bunder, and formulatJon are all different. 
This excellent activity is probably the result of greater surfece activity of the 2-methyi surfectant. 
HowevQ- , rt is likely that the surfactant did not firlly dissolve at the detergency conditions used here.. 

Additbnally, a vanety of total chain lengths, all with Z-meOiyl branches were evaluated, Figure 7, 
Performance is optimized for the C-16total chain length, at the low t^perature cleaning conditions 
utilized, tt is presumed that the C-12 derivative has a relatively -high cms. and thus more surfactant 
would have been requb^ed. The CIS material was pooriy soluble, and therefore little^ surfactant was 
available at the conditions of this evaluafion. 



These surface chemistry and deanlng studies suggested that the length of the branch was an 
imporfanf variable in hydrpphobe optimization. Exploratory chemistr)f yielded a way to synthesize 
alcohols with nearly exclusively methyl subsfituents (5). 



Datergen^iy Perfofmanca of 
Branched Alcohol Sulfetes 
10 *C and 150 ppm Hardness 
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Surfactant Properties of Random Meihy) Alcohol Sulfates 



Shown in Rgures 8 and 9 are surfecta0L4D^:Qperti^^ content for the random 

methy! branched alcohol sylJatg&.-excellsnt cold water soiubllity is exBi&ftecLfe/ al) three RM samples 




as compared to pufB 2-Mel>j^.aI^hD^^^ at 1% concentration untii 

heated to 36*C. Aiso, as shown In Rgufili, th^7and(5fTrmSiy! systems exhibit much higher calcium 
tolerance than the 2-Me C16 alcohol sulfate. 



Caldum TDlemnca of BranchBd 
Alcohol Sulfates 
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Critical micelle concentration values in deionized water for the m sulfates at aS-'Q are compared in 
Figure 10 to values for a predominanfiy linear C1415 alcohol sulfate, and C12 LAS, ' As expected the 
RM alcohol sulfates having a high molecular weight exhibit quite lew cmc's, indicative of low dosinq 
requirBments In laimclry processes. Nevertheless, their Krafft temperatures are much lower than that 
for the commercial C1415 linear aicotiol sulfate (ZT'-O), and their calcium tolerance is much higher (han 



those for the 01415 sulfate and which are 40 ppm and 140 ppm, respeotively. All three 



Critica! Micelle Concentration of RM 
Branched Alcohol Sulfates 
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faoiors, low Krafft temperature, high calcium tolerancs, and low cmc, are positive attributes of the 
random methyl alcohol sulfales which should contribute to excellent d&tergent proparfSes, particularly in 
underbuilt systems at low washing temperatures. 

ft Detergency Evaluation of Random Methyl Alcohol Sulfates 



Three different random-methyl sicghol sulfates were compared to a linear alcohol sulfate, 

Figure 11. Each of the randomly substituted alcohol sulfates was superior to the comparison 
surfectent 



Random Methyl and 2-Afkyt Ethoxylates 

Shown in Table 1 are the results for the tested ethoxylates. For a gr/en average hydrophobe weight, 
the presence of branching resulted in modest reductions In pour point and an increase in critica! 
micelle concentration, interestingly, a Krafft temperature phenomenon was noted in the linear systems 
which is atypical for nonbnic surfactant systems. These systems exhibit decreased solubility both at 
low temperatures due to crystallinity and at high temperatures where HO dehydration results In phase 
separation above the doud point temperature, In contrast^ no crystaliization occurred at 1% 
concentration for the branched analogues, i.e., the Krafft temperatures for these systems were below 
zero. The lower solubility tn cold water exhibited by the linear ethojcylates also conWbutes to the much 
slower rates of dissolution observed for these systems at ZS^'C as compared to the respective 
branched ethoxylates. 
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Detergency Performance of RM Branched 
Alcoho! Sulfates 
10 and 150 ppm Hardness 
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Physrcal and Solution Properties of Branched 
and Linear Alcohol Ethoxylates 
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CONCLUSIONS 

^^^^^2-%'^:s^ss ^-^!^ 

and (h» sur&Dfarts blodegraS rSJ tenperalure; impravss Itie aWm loleranJ. 

Addftionafly: 

• laboratoiy synthesis mdhods have been ffcu»ir.n«( . ' 
' '^^^ dean «1 P^'CWy a. 
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